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SUMMARY OF RESULTS OF A WIND-TUNNEL INVESTIGATION OF NINE

RELATED HORIZONTAL

By Jules B. Dods, Jr., and

SUMMARY

TAILS1

Bruce E. Tinling

The results of a wind-tunnel investigation of a series of models of
nine related horizontal tails have been summarized to provide basic design
information; to indicate the effects of aspect ratio, sweepback, and
changes in the Mach number; and to provide experimental values of the lift
aridhinge-moment parameters for comparison with values computed by a
method employing lifting-surface theory. The models had aspect ratios
from 2 to 6, angles of sweepback of the quarter-chordline from 5.7° to
45°, a taper ratio of 0.5, and had 30-percent-chord, sealed, plain flaps.
The Mach number was varied from 0.12 to 0.94 for Reynolds numbers of 2,
3, or 4 million. Also, a constant-chord airfoil having the NACA 64AO1O
section and completely spanning the wind tunnel was tested at a Mach number
of 0.12. This airfoil had the same section and flap-chord ratio as the
nine horizontal-tail models.

Satisfactory correlation was obtained between the low-speed experi-
mental values of the lift and hinge-moment parameters and the computed
values. Extension of the method employing lifting-surface theory to high
subsonic Mach numbers through an application of the Prandtl-Glauert rule
yielded variations of the lift parameters with Mach number which were in
good agreement with the experimental results at Mach numbers less than that
for lift divergence. The predicted values of the hinge-moment parameters,
however, did not agree with the experimental results at Mach numbers
approaching the divergence Mach number.

INTRODUCTION

An investigation of the aerodynamic characteristics of horizontal
tails has been undertaken by the NACA to provide basic design information

lSupersedes recently declassified NACA RM A51G31a by Jules B.
Dods, Jr., and Bruce E. Tinling, 1951.
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and to provide experimental results which could be used to determine
the accuacy of theoretical procedures for estimating the lift and
hinge-moment parameters. References 1, 2, and 3 have presented
detailed results of tests, conducted in the Ames 7- by 10-foot wind
tunnels and the Ames 12-foot pressure wind tunnel, of a series of
horizontal-tail models having aspect ratios from2 to 6 and either
having the hinge line normal to the plane of symmetry orhavirig 35°
or 45° of sweepback of the quarter-chord line. A comparison of the
lift and hinge-moment parameters evaluated from theory with those
obtained e~erimentally was presented in reference 4.

The purposes of the present report are: to combine the basic
design information available in references 1, 2, and 3; to sumarize
the experimental and the theoretical variations of the lift and hinge-
moment
and to
meters

Clze

Che

CL

cl

i!!
q

parameters with aspect ratio and sweepback at a low Mach number;
show the effects of changes of the Mach number on these para-
for three of the models.

NOTAITON

Coefficients

elevator hinge-gmnent coefficient ( ‘)elevator hinge moment
\ 2qMA /

section hinge-moment coefficient ( )
section hinge moment

()liftlift coefficient _
qs

section lift coefficient (section lift
)

pressure coefficient across the elevator nose seal

( ressure below seal

)

~
free-stream dynamic pressure

.
---

w



NACA TN 3497

Symbols

A

a

b

bt

c

c’

.

Cef

M

l-lA

aspect ratio

()

&2
s

speed of sound, feet

lateral dimension of

per second

the semispan models, measured
to the plane of symmetry, feet

perpendicular

lateral dimension of the constant-chord model, feet

chord of the models measured parallel to the plane of
symmetry, feet

chord of the models measured perpendicular to the sweep
reference line of the swept-back models (cf equivalent to c
for the unsweyt models), feet

mean aerodynamic chord feet

chord of the elevator behind the hinge line measured perpendicu-
lar to the hinge line, feet

()Mach number ~
a

moment about the hinge line of the elevator area behind the
elevator hinge line, feet cubed

free-stream dynamic pressure, pounds per square foot

\p/

horizontal-tail area, square feet

of air, feet per second
s
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lateral distance normal to the plane of symmetry, feet

corrected angle of attacks degrees

corrected section angle of attack? degrees

uncorrected angle of attack$ degrees

elevator deflection measured in a plane normal to the
elevator hinge lines degrees

tab deflection measured in a plane
degrees

angle of sweepback
section, degrees

taper ratio (ratio

of line jotning

of tip chord to

normal to the

quarter-chord

root chord)

absolute viscosity slugs per foot-second

density of air, slugs per cubic foot

Parameters

tab hinge line,

points of wing

bch

() e ()>c~eC& = “ Chao= (measured through a=o or %=0)
z- ~e=o’ K ~e.o

The subscripts outside of the parentheses represent
held constant for the measurement of the parameters.

5e=O)

Go or CLa=o)

●

the factors
.
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had
The horizontal-tail
a taper ratio (ratio

aspect ratios, angles of

models
of tip

MODELS

tested during this investigation each
chord to root chord) of 0.5. The

sweepback, and elevator hinge locations for
these models are given in the following table:

Aspect
ratio

2
2

;

:.5
4.5
6
6

Sweepback
(&g)

Reference
line

16.7
45.0
11.3
35.0
4~.;

35:0
5*7
35.0

Hinge
line

— .—

3;.1

2;.6
38.7
0
29.5

3:.0

Hinge-bracket location, percent I

7- -bylo-foot
wind-tunnel

models

E
82
82

ii
82
82

38 snd 82

xl I

12-foot pressure
wind-tunnel

models
I

---- ---
I

----- -- I----- -- I
---- --- 1“
50,2 and 90.6
28, 81 and 95
34, 80 sxK196
---- --- I---- --- 1

The geometry of each model is,shown in figure 1. In addition to
the horizontal-tail models, a 3-1/2-foot-chord airfoil with no sweep-
back that completely spanned the 7-foot dimension of the 7- by 10-foot
wind tunnel was tested. This airfoil had the NACA 64AO1O section and
a 30-percent-chord, sealed, plain flap. The coordinates of the NACA
64AO1O airfoil section are yresented in table I. The horizontal-tail
models which had no sweepback of the hinge line had the I’?ACA64AO1O
section parallel to the plane of symnetry. The horizontal-tail models
which had either 35° or 45° of sweepback had this section perpendicular
to the sweep reference line. The sweep reference line was chosen as
that line which joined the quarter-chord points of the NACA 64AO1O air-
foil sections; The models with the hinge line normal.to the plane of
symmetry (referred to in this report as the unswept models) had some
sweepback of the sweep reference line. To be strictly consistent, the
NACA 64AO1O airfoil sections should have been placed normal to the
sweep reference lines of the unswept models. However, since the angle
of sweepback involved was small, the aerodynamic effects resulting from
this inclination of the NACA 64AO1O airfoil section to the sweep refer-
ence line were probably negligible.

.
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The tip shape of each
section about a chord line
half the ms,xirlumthickness

.

~!AC~T~J3~+7

model was formed by rotating the airfoil
inboard of the tip a distance equal to one-
of the tip airfoil section.

All the models had 30-percent-chord, sealed, plain elevators and
two of the models (fig. l(e)) were equipped with tabs. The 30-percent-
,chordratio of the elevator was maintained in the planes of the NACA
64.AO1Oairfoil sections. The details of the elevator balance chambers
are shown in figure 1. The elevator hinges divided the balance chaniber
into separate sections. Seals were fitted closely at the ends of each
section to reduce the leakage to a minimum.

TESTS

:;adelsof all the tails, with the exception of the tail having an
aspect ratio of 3 and 45° of sweepback, were tested at low Mach numbers
in the Ames 7- by 10-foot wind tunnels at a Reynolds number of 3 million.
The tests in the Ames 12-foot pressure wind tunnel of the horizontal-
tail models having an aspect ratio of 4.5 were conducted at a Re~olds
number of 2 million, and the tests of the model having an aspect ratio
of 3 and 45° of sweepback were conducted at a Reynolds nuniberof 4 mil-
lion. The maximum test Mach numbers were 0.88 and 0.94 for the unswept
and the swept-back h-orizontaltails, respectively.

The semispan models were mounted vertically with the wind-tunnel
floor serving as a reflection plane as shown for typical models in
figure 2. The turntables upon which the models were mounted were
directly connected to the force-measuring apparatus. The elevator
hinge moments were measured with resistance-type electric strain gages
whick were beneath the turntable cover plates.

CORRECTIONS

All the data have been corrected
i~~terfer~nce. The corrections to the

TO DATA

for the effects of tunnel-wall
data from the 7- by 10-foot wind

.

w’

tunnels were computed by the methods of references 5 and 6. The cor-
rections to the data from the 12-foot -pressurewind tunnel were computed
ky tke methods of references 7 and 8. In the application of the method
~f reference 7, the theoretical span loadings for incompressible flOW

were calculated by the method of reference 9.

●

✎
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RESULTS AND DISCUSSION

The results of low-speed tests of the 3-1/2-foot-chord airfoil
having the NACA 64AO1O section and having a 30-percent-chord, sealed,
plain flap are presented in figure 3. The results of tests of the nine
related semispan model horizontal tails having the same airfoil section
and differing only in aspect ratio and sweepback are presented in
figures 4 to 20. The lift and hinge-moment characteristics are sum-
marized in figures 21 to 24. The effectiveness of a tab in reducing
the elevator hinge moments for a range of Mach numbers is presented in
figure 25 for the models having aspect ratios of 4.5. An index of the
figures presenting the results is given in the appendix.

Information not presented herein but which is available in refer-
ences 1, 2, ani3 shows the effects of standard leading-edge roughness~
tineeffects of removal of the elevator nose seal, the effects of varia-
tion of the Reynolds nuniber,and the pitching-moment characteristics.
In addition, the drag characteristics are available in references 2 and
3 for the three models tested in the 12-foot pressure wind tunnel. The
pressure distribution at the midsemispan and the tab hinge moment~ have
also been given in reference 2 for the two models having an aspect

u ratio of 4.5.

The following discussion covers first the effects of sweepback and
J asrect ratio at a low Mach number, and then the effects of changes of

th~ Mach number for the three mod=ls which were tested throughout the
subsonic Mach nuniberrange.

Effect of Sweepback and Aspect Ratio at Low .MachNumbers

Lift and hinge-moment parameters.- The data presented in figures 3
through 11 were obtained in the 7- by 10-foot wind tunnels. These
results are summarized in figure 21 to show the effects of variations
of sweepback and aspect ratio upon the lift parameters CL and C. s

a Lb
and on the hinge-moment parameters Cha and C

%“
For convenience,

the numerical values are also listed in table II. These data sumarized
in figure 21 and presented in table II were obtained at low subsonic
~~achnumbersc Because ofthe nonlinearities in the lift and hinge-
moment data, the slope parameters are valid only for a small range of
angles of attack and of elevator deflections near OO. The theoretical
values presented were calculated by the method recommended in reference 4.
The correlation between the parameters as evaluated from theory and by

. experiment is considered to be reasonably good. As shown in figure 21,
the iift and hinge-moment par~eters have an orderly variation with

.
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both aspect ratio and swee~back. The lift parameters CL and C
%

increased as the aspect ratio was increased and were redu~ed in magni-
tude as the angle of sweepback became larger. The numerical values of
the hinge-moment parameters C% and C% became more negative with
increasing aspect ratio. The numerical values of C
more negative with increasing sweepback.

% also became
The values of Cha, however,

were reduced in magnitude with increasing sweepback. The experimental
lift and hinge-moment parameters from the Ames 12-foot pressure wind
tunnel for Mach numbers comparable to those of the 7- by 10-foot wind
tunnels are listed in table 11. The lift and hinge-moment parameters
from the Ames 12-foot pressure tunnel are in satisfactory agreement
with those from the 7- by 10-foot wind tunnel with the exception of
the value of Ch ‘forthe unswept model having an aspect ratio of 4.5.

This difference ~etween the values of C% from the two facilities

exists only at angles of attack near zero. Between 2° and 4° angle of
attack, the value of ~ is -0.0020 from either wind tunnel (figs. 8(b)

and ~6(a)).

Pressure coefficients across the elevator nose seal.- The pressure
coefficients across the elevator nose seal yresented in parts (c) of
figures 3 to 11 are useful in the design of sealed, internalj aero-
dynamically balanced elevators.1 The rate of change of pressure coef-
ficient across the elevator nose seal with elevator deflection was
nearly independent of aspect ratio for both the unswept and the swept-
back horizontal-tail models. A sizable difference was noted, however,
in the rate of change of pressure coefficient across the elevator nose
seal with elevator deflection between the unswept and the swept-back
models. For example, it was about 25 percent less for the models with
350 of sweepback than for the models without sweep. FroI.uthe limited
information available for the 45° swept-back model it appears that an
additional 15-percent reduction should be expected at this higher angle
of sweepback. The models without sweepback having aspect ratios of 3,
4.5, and 6, and also the swept-hack model having an aspect ratio of 6
tested in the 7- by 10-foot wind tunnels had alnqt losses of balancing
pressures at moderate elevator deflections. (See figs. 6(c), 8(c),
1O(C), and 11(c).) The reason for these losses of balancing pressure
is not known. Tests in the 12-foot pressure tunnel of’the models having
aspect ratios of 4.5 did not show such an abrupt loss of balancing pres-
swe. Attempts to explain this discrepancy have shown that it cannot
be definitely ascribed to the difference in balance-chamber volumes or
to the nuniberof compartments in the balance chambers.

~~or a discussion of the design procedure see reference 10.

.

.
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Effects of Mach Number

The results of tests of three models in the Ames 12-foot pressure
wind tunnel are presented in figmes 12 to 20. The variations of the
lift and hinge-moment parameters CLas cL& Cha> and C,h5 with Mach

number are presented in figures 22 and 23. These figures also show
the theoretical effects of compressibility on the lift and hinge-moment
parameters calculated from the method recommended in reference 4, modi-
fied by application of the l?randtl-Glauerttie. me details of this
procedure are given in reference 3.

Measurements of the static pressure on the walls of the tunnel
test section taken during the tests of the model having an aspect ratio
of 3 and 45° of sweepback indicated that for some test conditions the
local Mach number was greater than 1.0 at the wall opposite the upper
surface of the model. The data obtained under these conditions are
indicated by dotted lines because their validity is questionable.

Lift.- The lift parameters CLa and CL8 are presented as func-

tions~kach number in figure 22. Comparison of the theoretical and
experimental values of the lift parameters indicates good agreement up

a to the Mach number where a reduction in elevator or stabilizer effective-
ness occurred with further Mach number increase. This Mach number will

-g. be referred to as the divergence Mach nuniber.
4

me divergence Mach numbers for CLa were approximately 0.85 and

0.93 for the unswept and the 35° swept-back horizontal tails, respec-
tively. The Mach number for divergence of the elevator-effectiveness
parameter CL~ was approximately 0.85 for both the 35° swept-back and

the unswept horizontal tails which had aspect ratios of 4.5. With fur-
ther increase of Mach nuniber,the rate of decrease of

c%
was much

greater for the unswept .horizontaltail than for the horizontal tail
having 35° of sweepback. The lift-effectiveness parameters of the 45°
swept-back horizontal tail having an aspect ratio of 3 continued to
increase with increasing Mach number up to the maximum test Mach num-
ber, 0.94.

Hinge moment.- The variations of the hinge-moment Par~eters Cha

and Chb with Mach number are presented in figure 23. These data show

that except for the horizontal tail having 45° of sweepback, applica-
tion of the Prandtl-Glauert rule to calculate the hinge-moment para-
meters does not yield reliable results at the higher Mach numbers. For
the two horizontal tails having an aspect ratio 405~ the Predicted

. variation with Mach number of C& and Chb does not agree with the
test results at Mach nunibersapproaching that for lift divergence. It
should also be noted (see figs. 16 and 19) that the measured values of

.
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Cha and C,h5 are not truly indicative of the hinge-moment characteris-

tics at Mach nrmibersnear that for divergence of the elevatcm-
effectiveness parameter CL=, since, at these Mach numbers, the slopes

of the hinge-moment curves ~ary considerably with angle of attack and
with elevator deflection.

The variations of the hinge-moment coefficient with Mach nuriber
for various elevator deflections or angles of attack are summarized in
figure 24. These data show that the Mach numbers at which abrupt
changes in the elevator hinge-moment coefficients occurred were depend-
ent upon the angle of attack and the elevator deflection. Comparison
of the data from tests of the three model horizontal tails indicates
that an increase of sweepback delayed these abrupt changes to higher
Mach numbers.

Balancing presswe coefficient across the elevator seal.- The
variation of the pressure coefficient across the elevator nose seal.
with elevator deflection is shown in figures 14, 17, and 20. Measured
through Oo elevator deflection, the rate of change of pressure coef-
ficient across the elevator nose seal became greater with increasing
],lachnumber. However, the range of elevator deflections for which
the rate of change of pressure coefficient across the elevator nose
seal with elevator deflection was markedly positive progressively
diminished as the Mach number was increased. These results indicate
that the balancing effect obtained from a sealed internal aerodynamic
balance would become greater as the Mach number is increased. However,
the range of elevator deflections for which a large balancing effect
would be realized would diminish with increasing Mach number.

Tab effectiveness.- The tab-effectiveness data from tests of the
horizontal tails having aspect ratios of 4.5 are summarized in figure 25
where the increment in elevator hinge-moment coefficient due to tab
deflection is presented as a function of Mach number. These data show
that, for 0° elevator deflection, the effectiveness of the tab was
little affectedly increases in the Mach number over the range investi-
gated. At negative elevator deflections of 6° or greater, however, the
tab was not effective when deflected more than 10° at a Mach numiberof
about 0.88 for the unswept horizontal tail

6
and at a Mach number of

about 0.94 for the horizmtal tail with 35 of sweepback.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics

!ifoffettField, Calif., July 31, 1951
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APPENDIX

INDEX TO THE DATA IN THIS REPORT

.

LIFT AND HINGE-MOMENT CHARACTERISTICS

Model Results M
Figure

presented (mil?ion) number

Two-
dimensional c1 vs a. 0.12 3.0 3(a)

1

che Vs @

I

3(b)

AP/q Vs ~e 3(C)

A,2;unswept CL vs a .14 4(a)

1

Che vs a

I

4(b)

&/qvs ae 4(c)

A,2;A, 45° CL vs a 5(a)

1

Che vs a 5(b)

AP/q vs se 5(c)

A,3;unswept CL VS ~ .7 6(a)

1

~evs a

I

6(b)

&Q/q vs ~e 6(c)

A,3;A ,35° CL vs a 7(a)

/

Che VS a 7(b)

AP/q VS be 7(c)

A,4.5;unswept CL vs a .21 8(a)

!

Che vs a

1 . v

8(b)

&P/qvs be 8(c)

A$4.5;A, 35° CL vs a 9(a)

1

Che vs a 9(b)

Ap/q Vs be 9(c)

.
.
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LIFT AND KCNGE-MOMENT CKARACT!ERISTICS(CONTINUED)

Model

A,6;unswept

I
A,6;A ,37°

I

A,3;A, 43°

v

A.4.5;unswept

Results
presented

CL V~ a

Che vs a

Ap/q vs~e

CL vs a

Che vs a

AP/q VS Be

CL Vs al

I
~e Vs a

!
AP/q VS se

I
CL VS a

I

Che vs a

1

M

0.23

I
.25

.60

.80

.85
.90, .92

.94

.25

.60

.80

.85

.90
.92, .94

.25

.60

.80

.85
● 90,
.92, .94

.21
*6Q
,80
.85
●88
.21

:Z
.85
*88

(dion)

3.0

1
4.0

2.0

Figure
number

10(a)

10(b)

lo(c)

U(a)

n(b)

11(C)

12(a)

12(b)
12(C)
12(d)

12(e)
13(a)
13(b)
13(C)
13(d)
Is(e)
13(f)
14(a)

lb(b)
14(C)
Ik(d)

14(e)
15(a)

15(h)
15(C)
15(d)
15(e)
16(a)

16(b)
16(c)
16(d)
16(e)



XACA TN 3497

.

w

LIFT AND HINGE-MOMENT CHARAC~RIS~CS (CONCLmED)

Model Results M Figure
presented (mil?ion) number

A.h.5;unswept 4?/q ‘s ae 0.21 17(a)

J I z 2“0 17(e)

17(b)
17(C)
17(d)

A,4.5;A,35° CL VS a .21 18(a)

I
●60 18(b)
,83 18(c)
.90 18(d)
~93 18(e)
,94 18(f)

Che vi Ct ,21 19(a)

!

.60 19(b)

.85 19(C)

.W 19(d)

● 93 19(e)
.94 lg(f)

Ap/q Vs 8e .21 20(a)

v !

.60 20(b)

.85 20(C)

.90 20(d)
● 93 20(e)
,94 v 20(f)

13
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SUMMARY ImxRE!s

Model Results presented
Figure
nuniber

All CLa and C
%

vs A 21(a)

All ~21(b)%a and Chb vs A

A,4.3;unswept and C
C& L?vsM

22

1,4.5;A, 35°

!,3;A, 45°

!

23~G and %8 vs M

Che V’ M; 8= = 0° 24(a)

Che VS M; a = 0° 2k(b)

A,4.5; unswept A~e due to tab deflection vs M 25

A,4.5;A, 350

.

.
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TABLEII.- SUMMARYOF LOW-SPEEDEXPERIMENT/SljAND THEORETICALLIFT AND HINGE-MOMENTPARAMETERS
[NACA6kAO10airfoil section;a elevator-chord ratio, 0.30; taper ratio,~= 0.50~

I-J
03

Model Liftandhinge-momentparameters

Aspect
ratio,
A

Angle
of

sweep-
back,A
(deg)

16.7

Experiment Theory Experiment Experiment Theory Experiment TheoryTheory

I I

0.040 0.043 0.029 -0.0002 -0.0001 -0.0071 -0.0079

-.0016 -.0016 -.0068 -.0054

0.024

.020

2

45 +++3--=2

11.3 -.0010 I -.0011I -.0085 I -.00863 .033

35 .053 I .052 I .0,28 .028

.023

.040

.031

.045

-.0014 I -.0021I -.0076 I -.o06g3

c.049 I .048 I C.02545 c-.0028 I -.0026I C-.0066 I -.00563

4.5 +%----l’067b%- -d%---l‘*0023 M%---l‘000’37.6

+%-i ‘0” l-=%= * ‘00033L%%-l ‘00074
4.5

.074 I .075 I .0506

6

5.7

35

-.0030 I -.0033I -.0102 I -.0099

.065 I .065 I .034 -.0032 ! -.00b I -.0082 I -.0076.033

aExperimen%ally, Ch = .0.0057; ~ = -0.0114
ao

-
bMeasuredthrough0° angleof attackand 0° elevatordeflection.

cl = 0.108;
Uo

C16 = 0.065;

c~om ~.foot pressme wind-tunneltests- (Otherdatafrom7- by lo-footwindtunnels.)
El
z



Aspect rutio 2

A, /6.7° A, 45°

Elevator oreo, 3.025ftz Elevator areo, 2.324 ftg
Semlspon areo, 10.083ft2 Semlspon area, 10.083 ftz

F , 3.293 ft
F , 3.293 ft

~25.40+
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8 8
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l------:~’?:
: “k“Q ~ ‘Q
Wi
n~fil~.5084M2q- 2Z$Y~p,$},q~~~

+p-.4i~8,+,.nJ-
,,

A If dimensions in inches.

The NACA 64A 010 airfoil section is porollel
~=-+ -—---

to section A-A.

+
* 0.25c ‘

cl.

g 1 j+pg

-

Section A–A Section 8–8

v

(o) 7-by /0-foot wind-tunnel modek of aspect ratio 2 ond
taper rotio of 0.5; A, /6. 7° onb’ 450.

Figure I.–Geometry of the horizontal-toil modek.
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Aspect fOtiO 3

A, //,3° A, 35°

Elevator area, 3.0.?5 ft = Elevator area , ~.58J ffz

Semlspan area , 10.083 ftz . Semlspan area , 10.083 f is

“~~ ~

41.47
~~4+q-+

A II dimensions in inches. .

The MAGA 64A 010 oirfoil section is parallel

to section A-A.
+&q_ ~#f~

Section A-A Section B-B

(b) 7-by /0-foot wind-tunnel models of ospect ratio 3 and
taper rofio of 0.5; A, //.3° and 35°.

Figure I.–Continued.
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Aspect ratio 4.5

A, Z6° A, 35°

Elevator areo , 3.025 f te Elevotor ores , 2.729 ft 2

Semispon area, 10.083 ft= Semlspan oreo, 10.083 ftz

F , .2.195ft F , 2./95 ft

+ ,6,4 ~
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~ ,6.94 ~
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Q “Q Q
~ 0)
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h +. ,

Ll-

84+- +16

33.87

Figure /.–Continued.
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A II dimensions in inches. e

The NACA 64A 010 oirfoil section is perallel

to section A-A,

+—__?sy ~~y+;

Section A–A SectIon B–B

(c) 7-by /0-foot whm’-tunne/ models of aspect rutio 4.5 and v

tuper rotio of 0.5; A, Z6° und 35°.



Aspect ratio 6

A, 57° A, 35°

Elevator area , 3.025 fts Elevator area , 2. 8L73 ftz

Semispan area , 10.083 ftz

F , 1.90Jft
Semlspan area, 10.083 fte

-i “’”r
~ , 1.901 f t

#!!l
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4 “’7t-—

T-

,B B

I
A A

Q Q
Q
u “Q

r

Q

b 0) $

L

}

‘.
‘m h’
*

- ??9.%$

,,
A II dimensions in inches,

~~$ j+~gj

The IVACA 64A 010 airfoil section is parollel _. . . __

to section A-A.
---+--- ------- -{’ . --- -

Sect!on .4-A Section R-B

(a’) 7-by /0-foot wind-tunnel modek of ospect ratio 6 ond

toper ratio of 0.5; d, 5.7° and 35°.

Figure /.–Continued.
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Aspect ratio 4.5 Aspect rutio 3

A, Z6° A , 35° A , 45°

Efevator orea, 1.3.27 ft z Elevator area , ~.204 ft z Elevator area , 2.553 fts

Semkpan area, 4.438 ft z Semispan area, 4.443 ft 2 Semkpan area, 10.083 ft 2

F , 1.458 ft E, 2.688 ft -

--i “25 t-

T

l!!ll

~ 11.25 ~

-120741-
A, A,

‘g’ ... ”

t
Q

-L

Q
Q

‘B, B
Q

m“

I

G
m Cl

~1

p
Q

‘K ‘Q ‘
6

+
w

Q
6

~:i>= 6.75

22.50

1 —Ui”n - tin.

[

,,, ,,~” ,,,. ”

All dimensions In inches.

.O.,.;,pb, X%:zy>

<=-—I— ----- 1 +X7.— . . . . . .

The NACA 64AOI0 airfoil secNon

4
- 0.25C‘

t- 0.30C!+Isparallel to section A-A. 0104 %-i 1----::4 }
- cl a A Z6. 35.

A 0.250 0.284

Section A–A Section B – B

(e) 12-fooi pressure wind-tunnel models” of ospect ratio 3

0./04 @+ j——————C$—../

Section C-C

und 4.5 v

and toper rutio of 0.5; A, Z6’, 35°, ond 45°.

Figure /. –Concluded. .
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(a,)The lk5°swept-back model of aspect ratio 2
in the 7- by 10-foot wipd tunnel,

(b) The 35° swept-back model of asP?ct ratio b.~
in the 12-foot pressure wind tunnel,

Figure 2.- Representative semtkpan horizontal-tail model installations,
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Section angle of ottock, uO, deg

(0) Section //ft coefficient.
=9=’

Figure 3.- Section /ift und hinge-moment chvucteristics of the

constant -chord model of the A/ACA 64A0/O o/)foi/ section,

/?, 3.0 x /06/’ M, 0./2.
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Figure 4– Lift and hinge-moment characteristics of the unswept model of aspect ratio 2. R,3.0 x 10’; M, 0./4.
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Figure 5.– Lift and hinge -moment characteristics of the 450 swept-bock model of aspect ratio 2.
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Figure Z— Lift and hinge-moment characteristics of the 350 swept-bock
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